A checklist and keys for the 110 species of black flies (Diptera: Simuliidae) in Thailand are updated.
Introduction
The black fly fauna of Thailand was poorly studied, consisting of only two species, Simulium nigrogilvum Summers and S. digrammicum Edwards (Summers, 1911; Edwards, 1928) , until Takaoka and Suzuki (1984) added 17 taxa consisting of seven new, five newly recorded and five unnamed species. The number of black fly species recorded in Thailand increased to 40 by the end of the twentieth century. The 21 additional species included seven new and 10 newly recorded species (Takaoka and Saito, 1996; Takaoka and Adler, 1997; Takaoka and Kuvangkadilok, 1999; Kuvangkadilok and Takaoka, 2000) . The number of black fly species of Thailand has again doubled from 40 to 82 during the first decade of the twenty-first century (Jitklang and Kuvangkadilok, 2007; Jitklang et al., 2008; Pramual and Tangkawanit, 2008; Takaoka, 2001; Takaoka and Choochote, 2004a c, 2005a j, 2006a d, 2007 Takaoka et al., 2009 Takaoka et al., , 2010a Srisuka, 2009, 2010a d) . The number continued to increase to 109 by 2019 (Takaoka and Srisuka, 2011 , 2013a , b, 2014a c, 2017a f, 2018a , c g, i, 2019 Tangkawanit et al., 2018; Thaijerern et al., 2018) . One newly recorded species is added in the current paper, bringing the total to 110 formally described species now known from Thailand.
All of these species are classified in six of the ten subgenera of the genus Simulium Latreille in the Oriental Region: five species in Asiosimulium Takaoka & Choochote, two species in Daviesellum Takaoka & Adler, 34 species in Gomphostilbia Enderlein, six species in Montisimulium Rubtsov, 10 species in Nevermannia Enderlein and 53 species in Simulium. The species in three of these subgenera are further placed in species-groups: eight species-groups of Gomphostilbia, three species-groups of Nevermannia and 11 species-groups of Simulium (Adler, 2019; Takaoka, 2012 Takaoka, , 2017b .
Chromosomal and molecular analyses revealed the cryptic diversity by disclosing two or more cytospecies, cytoforms or molecular lineages in Thai populations of the following 10 morphospecies: S. angulistylum Takaoka & Davies (Pramual and Kuvangkadilok, 2012) , S. asakoae Takaoka & Davies, S. sheilae Takaoka & Davies (Jitklang et al., 2008) , S. siamense Takaoka & Suzuki (Kuvangkadilok et al., 2008; , S. feuerborni Edwards (Pramual et al., 2015; Ya' cob et al., 2017b) , S. malayense Takaoka & Davies, S. fenestratum Edwards (Thaijarern et al., 2018) , S. tani Takaoka & Davies (Tangkawanit et al., 2009) , S. tenebrosum Takaoka, Srisuka & Saeung (Adler et al., 2019) and S. doipuiense Takaoka & Choochote (Tangkawanit et al., 2009; Adler et al., 2016) . Each of these 10 morphospecies is thus considered a species complex.
Furthermore, Thai populations of six other species were reexamined morphologically and genetically, and their taxonomic statuses were changed as follows: the species previously treated as S. caudisclerum Takaoka & Davies in Thailand was recognized as a new species, S. chomthongense Takaoka, Srisuka & Choochote (Takaoka et al., 2012) ; S. decuplum Takaoka & Davies was found to be composed of five new species (Takaoka et al., 2018d) ; S. gombakense Takaoka & Davies was shown to consist of S. gombakense sensu stricto and three lineages of a new species complex, S. paiense Takaoka, Srisuka & Saeung (complex) (Takaoka et al., 2018e) ; the species previously treated as S. nobile De Meijere in Thailand was recognized as a new species, S. vanluni Ya' cob, Ya' cob et al., 2017a) ; the species previously treated as S. parahiyangum Takaoka & Sigit was described as a new species, S. ngaoense Takaoka, Srisuka & Saeung (Takaoka et al., 2018a) ; and S. ru basis Brunetti was recognized as a new species, S. tenebrosum Takaoka, Srisuka & Saeung (Takaoka et al., 2018g) .
Phylogenetic relationships of Thai black fly species, those of species in the subgenus Gomphostilbia, and those of three small subgenera (Asiosimulium, Daviesellum and Wallacellum Takaoka) were molecularly studied by Phayuhasena et al. (2010) , Otsuka et al. (2007) , respectively.
Ecological studies of adults and immature stages of black flies in Thailand were carried out, revealing different seasonal and elevational patterns of species composition and abundance (Choochote et al., 2005; Ishii et al., 2008; Srisuka et al., 2015 Srisuka et al., , 2017 .
Six species are known to bite humans: S. asakoae, S. chamlongi Takaoka & Suzuki, S. doipuiense (complex) , S. nigrogilvum and S. nodosum Puri and S. tenebrosum (reported as S. ru basis) (Chochoote et al., 2005; Pramual et al., 2016) . Simulium asakoae, S. nigrogilvum and S. nodosum were incriminated as natural vectors of three different kinds of filariae including one Onchocerca species (Fukuda et al., 2003; Ishii et al., 2008; Takaoka et al., 2003) .
For these chromosomal, phylogenetic, ecological and parasite transmission studies, accurate identification of black fly species is prerequisite. However, no keys to identify the Thai black fly species have been available, since earlier keys were provided, first for 19 taxa (Takaoka and Suzuki, 1984) and subsequently for 55 species (Takaoka and Choochote, 2004b) . Our purpose is to provide an updated checklist of black fly species of Thailand and to construct keys for adult females, males, pupae and mature larvae. In a new checklist, S. chiangmaiense Takaoka & Suzuki, synonymized with S. nakhonense Takaoka & Suzuki by Pangjanda and Pramual (2017) , is treated as a valid species based on a genetic difference in the fast-evolving nuclear big zinc finger (BZF) gene sequences (Takaoka et al., 2018c) and morphological differences in the arrangement and size of the pupal gill filaments (Takaoka et al., 2018 h) . Eleven new and two newly recorded species reported from Thailand in 2018 and 2019 (Takaoka et al., 2018a (Takaoka et al., , c g, i, 2019a Tangkawanit et al., 2018; Thaijerern et al., 2018) are added to the checklist. In addition, S. bishopi Takaoka & Davies originally described from Peninsular Malaysia and placed in the S. melanopus speciesgroup (Takaoka and Davies, 1995) is included as a new record from Thailand. A single female of this species was collected by a Malaise trap set at an elevation of 952 m in Namtok Yong National Park, Nakhon Si Thammarat Province, southern Thailand, 9-II-2009, by Paiboon.
Two species originally described from Peninsular Malaysia, S. duolongum Takaoka & Davies and S. tahanense Takaoka & Davies, which were reported from Thailand with their DNA sequences , are not included in the new list, because these two species from Thailand were shown to be different from those from Peninsular Malaysia by a DNA analysis (Takaoka et al., 2018b) . Identities of these two species reported from Thailand as S. duolongum and S. tahanense remain unclear.
I. A Checklist of 110 Species of Black Flies in Thailand
A classification scheme in this new checklist follows the arrangement of Adler (2019) except that cytoforms and molecular forms are not included, and species in certain large species-groups are placed in subgroups following Takaoka (2012 Takaoka ( , 2017a .
Genus Simulium Latreille
Subgenus Asiosimulium Takaoka & Choochote 1. Simulium furvum Takaoka & Srisuka, 2013 [in Takaoka et al., 2013a Thailand 2. Simulium oblongum Takaoka & Choochote, 2005 Thailand 3. Simulium phurueaense Tangkawanit, Wongpakam & Pramual, 2018 Thailand 4. Simulium saeungae Takaoka & Srisuka, 2018 Thailand 5. Simulium wanchaii Takaoka & Choochote, 2006 Thailand Takaoka and Suzuki, 1984] Thailand, Vietnam 9. Simulium chiangdaoense Takaoka & Srisuka, 2009 Thailand 10. Simulium udomi Takaoka & Choochote, 2006 Thailand Simulium batoense species-group Simulium decuplum subgroup 11. Simulium chiangraiense Takaoka, Srisuka & Saeung, 2018 [in Takaoka et al., 2018c Thailand 12. Simulium huaikaeoense Takaoka, Srisuka & Low, 2018 [in Takaoka et al., 2018c Thailand Simulium decuplum (not sensu Takaoka & Davies, 1995) 13. Simulium khaokhoense Takaoka, Srisuka & Low, 2018 [in Takaoka et al., 2018c Thailand 14. Simulium maeklangense Takaoka, Srisuka & Saeung, 2018 [in Takaoka et al., 2018c Thailand 15. Simulium pamiangense Takaoka, Srisuka & Saeung, 2018 [in Takaoka et al., 2018c Thailand Simulium duolongum subgroup 16. Simulium siamense Takaoka & Suzuki, 1984 (complex) Nepal, Thailand, Vietnam Simulium parahiyangum subgroup 17. Simulium dentistylum Takaoka & Davies, 1995 Peninsular Malaysia, Thailand 18. Simulium ngaoense Takaoka, Srisuka & Saeung, 2018 [in Takaoka et al., 2018a Thailand, Vietnam Simulium parahiyangum (not sensu Takaoka & Sigit, 1991 Takaoka & Otsuka, 2009 [in Takaoka et al., 2009 Thailand Simulium atratum subgroup 28. Simulium angulistylum Takaoka & Davies, 1995 (complex) Peninsular Malaysia, Thailand 29. Simulium isanense Takaoka, Srisuka & Saeung, 2017 Thailand 30. Simulium otsukai Takaoka & Choochote, 2009 [in Takaoka et al., 2009 Thailand Simulium gombakense species-group 31. Simulium gombakense Takaoka & Davies, 1995 Peninsular Malaysia, Myanmar, Thailand 32. Simulium maleewongae Takaoka, Srisuka & Saeung, 2017 Thailand 33. Simulium paiense Takaoka, Srisuka & Saeung, 2018 (complex) [in Takaoka et al., 2018e] Thailand 34. Simulium prayongi Takaoka & Choochote, 2005 Thailand 35. Simulium thuathienense Takaoka & Sofian-Azirun, 2015 Thailand Edwards, 1934 (complex) Indonesia (Bali, Java, Sumatra), Thailand Simulium sp. B (pupa) [in Takaoka and Suzuki, 1984] 51. Simulium fruticosum Takaoka & Choochote, 2005 Thailand 52. Simulium maeaiense Takaoka & Srisuka, 2011 Thailand, Vietnam 53. Simulium vessabutrae Takaoka & Srisuka, 2010 Thailand 54. Simulium wichaii Takaoka, 2010 [in Takaoka and Srisuka, 2010b] Thailand Simulium ruficorne species-group 55. Takaoka, 1999 [in Takaoka and Kuvangkadilok, 1999] Thailand 77. Simulium lomkaoense Takaoka & Srisuka, 2014 [in Takaoka et al., 2014c Thailand 78. Simulium siripoomense Takaoka & Saito, 1996 Thailand Takaoka, 1999 [in Takaoka and Kuvangkadilok, 1999] Thailand 82. Simulium chaliowae Boonkemtong, 1999 [in Takaoka and Kuvangkadilok, 1999] Thailand 83. Simulium chanyae Takaoka & Choochote, 2007 Myanmar, Thailand 84. Simulium daoense Takaoka & Adler, 2017 Thailand, Vietnam 85. Simulium fenestratum Edwards, 1934 (complex) Indonesia (Sumatra), Laos, Thailand Simulium sakishimaense (not sensu Takaoka, 1977) 86. Simulium lampangense Takaoka & Choochote, 2005 Thailand 87. Simulium malayense Takaoka & Davies, 1995 (complex) Peninsular Malaysia, Thailand, Vietnam 88. Simulium takense Takaoka & Choochote, 2005 Thailand 89. Simulium triglobus Takaoka & Kuvangkadilok, 1999 Thailand 90. Simulium undecimum Takaoka, Srisuka & Saeung, 2018 Thailand Takaoka and Suzuki, 1984] 102. Simulium manooni Takaoka & Choochote, 2005 Thailand 103. Simulium setsukoae Takaoka & Choochote, 2004 Thailand Simulium sp. D [in Takaoka and Suzuki, 1984] 104. Simulium tenebrosum Takaoka, Srisuka & Saeung, 2018 Thailand Simulium ru basis (not sensu Brunetti, 1911) 105. Simulium weji Takaoka, 2001 Thailand Simulium variegatum species-group 106. Simulium barnesi Takaoka & Suzuki, 1984 India, Thailand 107. Simulium chamlongi Takaoka & Suzuki, 1984 Myanmar, China (Yunnan, Tibet), Vietnam 108. Simulium kiewmaepanense Takaoka, Srisuka & Saeung, 2017 Thailand 109. Simulium luculentum Thailand 110. Simulium srisukai Takaoka & Saeung, 2017 Thailand S. kuvangkadilokae 6. Posterior surface of hind tibia mostly darkened except basal tip 7 Posterior surface of hind tibia white or yellow on basal 2/5 or more 11 7. Sensory vesicle 0.5 or more times length of third palpomere of maxillary palp 8 Sensory vesicle 0.4 or less times length of third palpomere of maxillary palp 10 8. Fore basitarsus 7.5 times as long as its greatest width S. chayamaritae Fore basitarsus 5.3 6.8 times as long as its greatest width 9 9. Arms of genital fork with short projection directed anteriorly S. with dark spines of various sizes S. ngaoense Postgenal cleft long, but not reaching posterior margin of hypostoma. Thorax and abdomen sparsely or moderately covered with unpgimented or dark minute setae S. chumpornense 6. Postgenal cleft long, approaching or completely reaching posterior margin of hypostoma 7 Postgenal cleft short or medium-long 17 7. Abdomen markedly constricted between segments 4 and 5 when viewed dorsally S. dentistylum Abdomen not constricted between segments 4 and 5 when viewed dorsally 8 8. Abdomen moderately covered with unbranched minute dark setae dorsally on segments 5 8 9 Abdomen moderately or densely covered with branched dark spinous setae or spinules dorsally on segments 5 Abdominal segments 2 6 each with pair of protuberances dorsally S. chaliowae 39. Each lobe of rectal organ with 15 22 secondary lobules S. daoense & S. fenestratum (morphoform B) Each lobe of rectal organ with less than 15 secondary lobules 40 40. Labral fan with 56 60 primary rays S. triglobus Labral fan with 40 45 primary rays 41 41. Each lobe of rectal organ with 8 10 secondary lobules S. malayense (complex) Each lobe of rectal organ with 13 or 14 secondary lobules S. undecimum 42. Histoblast of pupal gill with 10 filaments arranged as 2+3+3+2 from dorsal to ventral S. quinquestriatum Histoblast of pupal gill with 10 filaments arranged as 2+2+2+2+2 or 2+1+2+1+2+2 from dorsal to ventral 43 43. Histoblast of pupal gill with 10 filaments arranged as 2+1+2+1+2+2 from dorsal to ventral. Filaments without ridges and furrows S. phraense Histoblast of pupal gill with 10 filaments arranged as 2+2+2+2+2 from dorsal to ventral. Filaments with ridges and furrows S. nakhonense * The female of S. thailandicum is unknown. ** The males of S. barnesi, S. bullatum, S. triglobus, S. kiewmaepanense and S. umphangense are unknown. *** The pupae of S. barnesi and S. umphangense are unknown. ****The larvae of S. barnesi, S. chanyae, S. kiewmaepanense, S. phukaense, S. setsukoae, S. takense, S. thailandicum and S. umphangense are unknown. Morphoform A and morphoform B of S. fenestratum herein designated are based on Takaoka et al. (2000) and Thaijarern et al. (2018) , in which two types of larvae are noted in populations of S. fenestratum from Sumatra and Thailand: one with protuberances on the dorsum of the abdomen, and the other without protuberances. Whether the difference between these two morphoforms is intraspecific should be confirmed.
